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Abstract 
A new dry fermentation biogas-pool(DFBP) was explored for family using in the countryside of Leting, Hebei province, China. 
The results showed that the biogas can be produced in a short time, and the methane percentage was over 40% on the second day 
by co-digestion of cornstalk and garden leaves. This kind of biogas was already suitable for the ignition. The daily biogas 
production was nearby 1 m3 with the methane percentage around 54% which can satisfy the needs of daily biogas using by family 
of three people. The biogas residue can be reused as fertilizer to return to field. The construction of DFBP can solve the problem 
of living garbage disposal and realize recycling utilization of the energy which is helpful to the environmental improvement in 
the countryside. 
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Main Text 
1. Introduction 
In a long period, the energy source of countryside family in China depended on the burning of coal, straw and 
firewood. The using of these kinds of traditional fuels not only have a low energy utilization and harmful to the 
environment, but also severely restricted the economic and society development1,2. From another point of view, there 
were more than 15 billion tons of residues of agriculture produced in the countryside in China3. The residues of 
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agriculture contained straw, household garbage and poultry excrement. Casually disposing of these waste will do 
harm to the ecological environment. So reducing the use of traditional fuels and exploring technology to recycle 
residues of agriculture is the problems that need urgent solution for modern agriculture development in China4. 
Biogas, as a kind of clean energy, can use residues of agriculture as raw material. So the main development and 
utilization of clean energy new technology in countryside was the exploration of biogas. China is an earlier country 
in research and development of biogas. Early in the latter part of 19th century, a kind of simple fermentation 
equipment for producing biogas appeared in the countryside around coastal areas of Guangdong province, China5,6. 
After a long time of development, the biogas utilization technology gradually became mature. And the biogas 
production installations had been generalized7,8. Among the biogas production installations, hydraulic biogas 
digester (HBD) was most widely used. Most of the agricultural organic wastes can be handled by anaerobic 
digestion process with HBD. And clean biogas energy and organic fertilizer can be got at the same time. While, 
when the material was solid state, there would be some disadvantages for HBD just like: (1) hard to discharge the 
material, (2) difficult to manage and control, (3) low volume biogas production. So the HBD was not fit for the 
anaerobic digestion of solid organic waste to produce biogas9,10. 
In our research, a new dry fermentation biogas-pool(DFBP) with advantages of easy to operate and manage was 
explored for family using in the countryside. Aim to solve the difficult of feeding or discharging the agricultural 
organic solid wastes, alleviate the pressure of the environment and produce clean energy.  
 
2. Materials and methods 
 
2.1 Design of dry fermentation biogas-pool (DFBP) for family using in the countryside. 
 
2.1.1 Design principle 
The most important factor of DFBP was the seal of feed-discharge hole. For traditional hydraulic biogas digester, 
the TS (total solid) of substrates was between 5% to 8%. A low TS of substrates caused a liquid fermentation broth, 
which can realize the seal of feed-discharge hole. While in the system of DFBP, the TS of substrates was high from 
15% to 20%. The semisolid fermentation broth was week in liquidity, so it can’t be used for sealing the feed-
discharge hole. After our unceasingly study, an external water sealing device have been explored. First, a gutterway 
was dug along the feed-discharge hole. At the bottom of the gutterway, we installed the hook which matching up 
with the ones on the half opening airbag. And then, the half opening airbag was fixed steady by the hook. Finally, 
The gutterway was filled with water to generate the sealing technology. We named this kind of new sealing method 
water sealing ring (WSR). 
 
2.1.2 The shape and material of dry fermentation biogas-pool  
The circular reactor has a kind of structure of uniformly forced and stabilization.. And for the same sectional area, 
the perimeter of circular reactor is 12% less than that of square reactor. So we chose circular reactor as the structure 
of DFBP in this study11.In consideration of economy factor and the corrosive of substrates to the reactor in 
countryside, the DFBP was built with reinforced concrete and brick construction. 
 
2.1.3 The way of feed-discharge material and feed-discharge hole 
Traditional feeding method was not suitable for adding substrates with high TS. And mechanical feed method 
was difficult to implement in the countryside of China. So we paved a new way for the feeding problem. First, the 
substrates were moved into woven bags. Second, the woven bags were put into the biogas-pool. All the woven bags 
were taken out in the end of the fermentation. And the biogas-pool was filled with new substrates in the same form 
to continue producing biogas. In order to satisfy the adding substrates method, the feed-discharge hole should be 
wider than that of traditional hydraulic biogas digester. So the DFBP was designed to be cylinder shape. And the top 
of the cylinder was used as feed-discharge hole. Then the DFBP was covered by half opening airbag which was 
fixed steady in WSR. 
 
2.1.4 Storage and use of biogas 
The biogas was stored in the half opening airbag. The half opening airbag was made by red-sludge soft plastic. 
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The volume of the airbag was determined by daily biogas production and daily biogas use of family. A gas-booster 
need to be equipped for transferring the biogas. 
 
2.1.5 Heat insulation method 
The temperature is an important factor during anaerobic fermentation process. Building the  biogas pool under 
the ground can reduce the fluctuation of temperature by day and night. In some places, the biogas pool can be built 
in the solar greenhouse to be operated normally even in winter.  
 
2.2 Practical application 
In our research, the application demonstration was built in Caizhuang village, Tangshan town, Tangshan province, 
China. The volume of dry fermentation biogas-pool was about 4.5 m3. The local corn stalk and garden leaves were 
used as fermentation raw material 
 
2.2.1 The building of dry fermentation biogas-pool. 
DFBP was built around the rubbish recycling station in the northwest of the village. As shown in Fig.1, the DFBP 
was columned with diameter of 2 m and height of 1.55 m. The material of the bottom was reinforced concrete. The 
shape of the bottom was curving to keep a stable structure. Also the arc structure was applicable for cleaning the 
fermented substrate. The biogas pool wall was made up with interior and exterior walls. Both of the two walls were 
120 cm wide. There was 10 cm distance between interior wall and exterior wall. The interspace was filled with foam 
to form thermal-protective coating. The interior wall was 1350 cm height. And the exterior wall was 830 cm height. 
The water sealing ring was inlaid on the exterior wall with an active height of 30 cm. The physical map of pool body 
was shown in Fig. 2. 
 
2.2.2 Fermentation experiment 
The composition of raw material and seed sludge for fermentation is shown in Table 1. The seed sludge was from 
the biogas slurry of Sichuan Kelun pharmaceutical factory, and acclimatized by pig manure and straw for a month. 
The cornstalk was crushed into pieces by a pulverizer (9CFZ-480, Xinshun, Guangzhou, China) equipped with a 
screen of 6 mm. The garden leaves were cut into pieces by a chaff cutter (HFD-30A, Runxing, Jining, China) 
equipped with a screen of 6 mm.  
All of the cornstalk was crushed into pieces and used as the substrate for fermentation. 80% (320 kg) of the 
cornstalk was mixed with garden leaves, which was cut into pieces. 1000 L water was added and mixed well to 
adjust the total solid around 20% to make sure a suitable dry anaerobic digestion concentration. The mixture was 
laid for stack retting for 7 days. Then the lime was added to adjust pH to 7.0. After adjusting the pH, the mixture 
was added with seed sludge (the mass ratio of substrate and seed sludge is 10:3) and filled into woven bags. As 
shown in Fig. 3(A), the bags were added into the pool after adding 20% (80 kg) of the cornstalk, which mixed with 
300 L water and filled into woven bags. 
After adding all the substrate, the pool was covered with a gasbag and sealing with the WSR as shown in Fig. 
3(B), and the anaerobic digestion experiment started to operate. The experiment lasted for 120 days under normal 
temperature till almost no biogas produced. 
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Fig. 1(A) The ichnography of dry fermentation biogas-pool 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1(B) The cutaway section of dry fermentation biogas-pool 
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Fig. 2 Physical map of dry fermentation biogas-pool 
Table 1. The information of raw material and seed sludge 
Materials TS˄%˅ Quality˄kg˅ 
Cornstalk 91.2 400 
Garden leaves 17.8 1200 
Water - 1300 
Seed sludge 19.7 870 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3(A) The fermentation biogas-pool after adding substrate 
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Fig. 3(B) The fermentation biogas-pool after sealing 
3. Results and discussion 
As shown in Fig. 4, in early period of the experiment, the methane content rose up quickly. The methane content 
was over 40% on the second day. This kind of biogas already can be successfully fired and used by family. From 
day 2 to day 18, there was a large fluctuation for the methane content. The highest concentration of methane was 
64.5%, and the lowest was 44.6%. After 18 days’ operation, the methane content gradually steady at 54% till the 
90th day. Then the methane content gradually rose up till the 102ed day with a methane concentration of 64%. This 
status continued to the end of the experiment. This result showed that even in the end of the anaerobic digestion, the 
methane content still maintained at a high level. So there was no harmful effect to the quality of the biogas, which 
can be normally used in the late period of anaerobic digestion by family. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 The Methane content during anaerobic digestion 
The methane content during anaerobic digestion is shown in Fig. 5. In early period of the experiment, the biogas 
production rose up rapidly. The biogas production was increased to 0.95 m3 from the beginning to the 4th day. In the 
next 88 days’ operation, the daily biogas production went up to the highest at 2.2 m3 and lowest at 0.5 m3. The 
average daily biogas production was nearly 1.0 m3, which can satisfy the need of a family with 3 persons. After 92 
days’ operation, the biogas production started to reduce. And there was almost no biogas production after day 113. 
The main reason of the reduction of daily biogas production may be the reduction of organics in substrate. 
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Fig. 5 The methane content during anaerobic digestion 
The cumulative biogas production is shown in Fig. 6. With the time goes on, the cumulative of biogas production 
increased steadily. After the day 90, the increment of cumulative biogas production slowed down. Finally, the 
cumulative biogas production reached to 94 m3 in the end of the experiment. Dry fermentation technology was used 
in this research. This kind of technology can use substrate with a high total solid, but contains some shortcomings 
just like being week in mobility and transfer performance, and not enough mix between function microorganism and 
fermentation raw material. In Shi’s research, it was found that biogas production rate of raw material reduced with 
the enhancement of the total solid of substrate12. In our research, the total solid was high around 20%. However, the 
cumulative biogas production still reach 68% of theory of biogas production (138.2 m3) that calculate by standard 
method (NY/T 90-2014, China)13. The adhibition of DFBP was success.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 Cumulative biogas production of anaerobic digestion 
4. Conclusion 
In our research, we’ve explored a kind of dry fermentation biogas-pool. This kind of biogas pool has a simple 
structure. There was no special feeding hole and water room. So it’s easier to be built than the traditional hydraulic 
biogas digester. The open-top design and water seal technology give a convenient way for feeding and discharging 
substrate. This kind of biogas pool was very suitable for underdeveloped rural area of developing country. 
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During the experiment, the average daily biogas production was around 1 m3, which can satisfy the need of a 
family with 3 persons. The successful adhibiton of this technology and DFBP combination may pave a new way for 
biogas production with all kinds of rural organic solid wastes. When the anaerobic digestion finished in our method, 
the biogas residue can be reused such as fertilization to realize the aim of agricultural solid waste recycling. 
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